Association for Information Systems

AIS Electronic Library (AISeL)
Wirtschaftsinformatik 2022 Proceedings

Track 19: Business Process Management

Jan 17th, 12:00 AM

Quality 4.0 – An Analysis from the Perspective of Method
Engineers in Quality Management
Florian Johannsen
University of Applied Sciences Schmalkalden, Germany, f.johannsen@hs-sm.de

Follow this and additional works at: https://aisel.aisnet.org/wi2022

Recommended Citation
Johannsen, Florian, "Quality 4.0 – An Analysis from the Perspective of Method Engineers in Quality
Management" (2022). Wirtschaftsinformatik 2022 Proceedings. 1.
https://aisel.aisnet.org/wi2022/bpm/bpm/1

This material is brought to you by the Wirtschaftsinformatik at AIS Electronic Library (AISeL). It has been accepted
for inclusion in Wirtschaftsinformatik 2022 Proceedings by an authorized administrator of AIS Electronic Library
(AISeL). For more information, please contact elibrary@aisnet.org.

Quality 4.0 – An Analysis from the Perspective of Method
Engineers in Quality Management
Florian Johannsen1
1

University of Applied Sciences Schmalkalden, Faculty of Computer Science, Germany
f.johannsen@hs-sm.de

Abstract. “Quality 4.0” is a central research field of quality management in times
of industry 4.0. However, the topic is rather new, and a profound theoretical
foundation of the concept does not yet exist. Hence, it is not clear whether
existing quality management methods can be smoothly transferred to industry 4.0
settings or not. Moreover, companies often lack the time to design quality
management approaches for this field and to critically scrutinize the skills needed
by quality managers for quality 4.0. Based on a structured literature review, this
study takes the perspective of method engineers in quality management. It
provides an overview of those quality management methods and quality
techniques that are frequently discussed in quality 4.0 literature and seem
promising for quality projects in industry 4.0 settings. In this way, insights for
method engineers are derived for the purpose of method construction for quality
4.0.
Keywords: Quality 4.0, quality management, method engineering.

1

Introduction

The 4th industrial revolution significantly impacts firms’ design of manufacturing
processes, value creation and interactions with suppliers as well as customers [1-2]. In
this context, new technologies like cyber-physical systems (CPS), internet of things
(IoT), cloud manufacturing, augmented reality or additive manufacturing constantly
create large amounts of data on the shop floor, which may be purposefully used by
quality management systems to improve the quality of processes, products, and services
alike [3-7]. The importance of quality management initiatives for a company’s success
has been widely acknowledged in both literature and practice for a long time [8-11].
Particularly, process managers benefit from process-oriented quality management
approaches (cf. [12]), such as Six Sigma, Lean Management or Total Quality
Management (TQM) (e.g., [10], [13-15]), as a means to improve business processes (cf.
[9], [16]). Moreover, the application of singular quality techniques (e.g., Ishikawa
Diagram, etc.), which are selected on the basis of a project situation (cf. [17]), can be
observed in practice (cf. [18-19]). As such, the quality management discipline has
continuously evolved over time (cf. [7], [20]), and the term “quality 4.0” refers to the
stage of development in which “industry 4.0’s digital technologies” are applied to
quality management [21, p. 2]. The concept has resulted in a lively discussion in
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literature, (e.g., [3]) and it is assumed it will play a decisive role “in the factory of the
future” [21, p. 2]. However, there are still uncertainties regarding the operationalization
of the concept in practice (e.g., [22-23]) and the topic is as yet “too fresh” [24, p. 23]
to have experienced a thorough theoretical foundation. First, it is rather unclear whether
existing quality management methods and techniques can be transferred to industry 4.0
settings [3]. Second, companies often lack the resources to design new quality
management methods that are adapted to this field [3], [25]. Thereby, the construction
of methods for specific purposes is traditionally performed by method engineers (cf.
[17], [26-27]). Third, the role of quality managers needs to be critically scrutinized
considering the technological advances of industry 4.0 and their impact on the
automatization of production processes [28-29]. In light of the abovementioned
challenges, it is not surprising that only 16% of companies have started to adopt quality
4.0 practices (cf. [21]). The aim of this study is to contribute to the current discussion
about quality 4.0 and its operationalization in the form of quality management methods.
To that end, the perspective of method engineers is taken, and literature about quality
4.0 analyzed in terms of both quality management methods and constituting method
elements (e.g., [30-31]). Hence, the following research questions are posed: (1) What
quality management methods and quality techniques are discussed in the literature
about quality 4.0? (2) Which constituting method elements – that prepare the ground
for method construction – are frequently emphasized in literature about quality 4.0?
The contribution of this paper is its analysis of the current body of knowledge about
quality management methods and techniques that can be successfully applied in
industry 4.0 settings. Further, insights for method engineers in quality management
emerge about those methods that are seen as particularly promising for the era of quality
4.0. However, deficiencies in the operationalization of the “quality 4.0” concept will
also become obvious. The paper unfolds as follows: first, the theoretical foundations
are presented; then, the research methodology (literature review) is described;
subsequently, the results of the analysis are outlined in Section 4 before they are
discussed in Section 5; and finally, the paper concludes with an outlook.

2

Foundations

2.1

Quality Management Methods & Quality 4.0

The term “method” is not unambiguously defined in quality management literature and
is used interchangeably with “methodology,” “quality concept” or “quality initiative”
among others [32]. Accordingly, there is no unique perception of the constituting
elements (e.g., [30], [33]) that define a quality management method. De Mast [31], for
example, considers a quality management method (e.g., Six Sigma, Lean Management,
etc.) to consist of concepts (e.g., critical-to-quality factors (CTQs)), steps defining a
procedure model (e.g., Define, Measure, Analyze, Improve and Control – DMAIC),
rules for establishing results (e.g., how to define key performance indicators (KPIs)),
and quality techniques (e.g., CTQ-Matrix) (e.g., [34]). Considering this, a quality
technique is an element of a method [35] to support the creation of results at a certain
stage of a quality project (e.g., [30], [36]). Typical examples are the “Ishikawa

Diagram” (cf. [37]) to identify root causes of problems or the “Failure Mode and Effects
Analysis (FMEA)” to uncover potential risks and means to mitigate these (cf. [34]). In
short, a quality management method offers several quality techniques to establish
results throughout all phases of the procedure model (cf. [38-39]).
In the following, a quality management method is perceived as a composition of the
constituting method elements (cf. [30], [40-41]) that are shown in Figure 1. These have
been derived and adapted for this study from Alt et al. [42] and Gutzwiller [30], who
initially introduced them for the field of business engineering (cf. [43]).
The procedure model is determined by a logical arrangement of singular activities
(e.g., modelling of the process, definition of KPIs, etc.) [42]. Roles describe the project
participants [42] who may have certain responsibilities. Quality techniques (e.g., [44])
guide the creation of results and transform input (e.g., knowledge, data, etc.) to output
(results) (e.g., chart, metric value, etc.) with the help of a processing mechanism (e.g.,
analyze, classify, etc.) [45]. Results (documents) are created to document the results
and “represent a prerequisite for a formalized specification” [42, p. 4]. A metamodel
captures the major design objects for creating results and the relationships between
them [42]. Hence, a metamodel specifies the information objects used for the design of
the results along with their relations.
Activities are hierarchically
structured
Activities have a sequence
(procedure model)

Activity

Activities generate and use results

Metamodel
The metamodel is a conceptual
(data) model for the results

Result
(document)

Role
Organizational
members with specific
roles perform the
activities

The quality technique guides the creation of results

Quality
technique
Figure 1. Elements of a quality management method – adapted from [30] and [42]

The term “quality 4.0” was initially formulated by Dan Jacob of the manufacturing
research and advisory company LNS [3], [46-47]. Generally, different views on the
term are found in literature. According to Nenadál [24, p. 24], “quality 4.0” should be
interpreted as an “umbrella term, that openly describes a new-data driven approach to
manage (…) quality requirements,” which is closely connected to industry 4.0 [48]. In
general, there is still too much fuzziness about “quality 4.0” and its operationalization
to purposefully derive generally acknowledged guidelines for companies to reshape
existing quality systems and methodologies (cf. [24], [29]). While it is commonly
accepted that handling “big data” is a key factor for a successful implementation of
quality 4.0, there is uncertainty regarding the suitability of existing quality management
methods to support quality initiatives in industry 4.0 (cf. [3]). This research addresses
this gap and analyzes which quality management methods, quality techniques and
method elements are dealt with in literature about quality 4.0. From this, insights for

method engineers are derived that may help to design quality methods for this field and
prepare the base for a theoretical foundation.
2.2

Method Engineering & Design Science

It is the responsibility of method engineers to develop and implement method
specifications [49-50]. The “method engineering” discipline stems from the field of
information systems (IS) and deals with the design, construction and adaptation of
“methods, techniques and tools” for IS development [41, p. 276]. Method engineering
helps in case existing methods are not suitable for a certain project situation or need to
be adapted to meet users’ requirements [51]. The discipline is closely connected to
design science research (DSR) [52], and principles, along with a procedure to create
knowledge artifacts with the help of method engineering, have already been introduced
[53].
Generally, design science (DS) serves human purposes and aims at the construction,
implementation and evaluation of artifacts (solutions) for practical problems [26],
which contribute to theories [54]. An artifact is a “human-made object, in contrast to a
natural object” [53, p. 1241] and can take the form of a framework, a model or a
method, to mention just a few possibilities [55]. To operationalize and structure DS
projects, different procedures have been introduced (e.g., [56-57]). For instance, the
proposal of Peffers et al. [57] consists of six steps (identify problem and motivate,
define objectives of a solution, design and development, demonstration, evaluation, and
communication). Transferred to our domain, quality management methods and
techniques may represent outputs of method engineering projects based on DSR.

3

Procedure of the Study

To answer the research questions, a literature review was performed (e.g., [58]). Due
to the topicality of the “quality 4.0” phenomenon, a literature review was appropriate
to structure the existing knowledge and prepare the ground for theories and guidelines
for quality management in the 4th industrial revolution [59]. Thereby, the author of this
paper argues that an analysis of the quality management methods, quality techniques
and method elements – that are purposefully applied in industry 4.0 settings – is still an
under-researched topic. The literature review was structured according to the five-step
procedure of Cooper and Hedges [60]: problem statement, collection of the data
(literature), data evaluation, analysis and interpretation, and presentation of results.
3.1

Data Collection

First, a topic-based search on the following literature databases was performed (cf. [58],
[61]): Emerald Insight, EBSCOhost Business Source Premier, Springerlink, AIS
Electronic Library, Science Direct, and Google Scholar. These databases were chosen
not only because they offer access to leading journals in the disciplines “information

systems (IS)” and “quality management” but also because they cover topical
proceedings of highly renowned conferences. In addition, the databases have an
interdisciplinary focus, which makes them particularly relevant for this review (cf. [58])
as research on quality management is performed in neighboring disciplines such as
medicine, production engineering and economics as well. Furthermore, publications
offered by these databases usually underwent a thorough review process. According to
Snyder [59], the search strings in a literature review should refer to words and concepts
that are directly linked to the research question. Moreover, the search strings can be
tested and adjusted before the review is conducted [59]. Considering this, the basic
search strings “quality 4.0” and “industry 4.0” were used in a first step, which resulted
in an extraordinarily high number of hits. While both terms address the overall research
issue of quality efforts in times of industry 4.0, they turned out to be too encompassing
regarding the research questions. To make the search more specific, each of these two
basic strings was combined (“AND”) with the following: (1) “quality,” (2) “quality
management,” (3) “quality technique,” (4) “quality tool,” (5) “Six Sigma,” (6) “Lean
Management,” (7) “TQM,” (8) “KAIZEN,” and (9) “EFQM.” In conjunction with the
basic search strings, the first four terms (1 to 4) helped to filter those articles from the
databases that directly reference quality management efforts in industry 4.0 settings.
Moreover, the additional strings (5 to 9) refer to the dominant methods of the quality
management discipline and were used to retrieve related articles that were not already
captured by a combination of the basic terms with the search strings 1 to 4. The resultant
search format was, for example, “quality 4.0 AND quality tool” or “industry 4.0 AND
Six Sigma.” The focus was on articles in English. There were no restrictions regarding
the timeframe in which a paper was published because the topic is rather new. To
identify the relevant literature, the paper titles were first scanned. If a title pointed to
the use of quality management in industry 4.0 settings, the abstract was read to verify
its appropriateness. The abstract was also referred to in case the title did not provide a
clear answer as to whether the paper could be beneficial for answering the research
question. In total, 129 articles that seemed promising were located and screened in
detail thereafter.
3.2

Evaluation and Analysis of the Literature

The relevance of these publications (cf. [59]) to the research questions was then further
analyzed with the help of the following pre-conditions: (a) a publication should
explicitly emphasize the term “quality 4.0” or make quality management in industry
4.0 settings a subject of discussion; (b) the publication should explicitly deal with the
application of quality management methods or quality techniques in settings its authors
assign to industry 4.0 (either from a practical or theoretical perspective); and (c) the
paper should point to constituting elements of a quality management method for
scenarios its authors see as representative for industry 4.0.
A publication was considered relevant for this study if one or more of these preconditions were fulfilled. Examples for the fulfillment are shown in Table 1.
Accordingly, in the first case, the source explicitly mentions the term “quality 4.0” (precondition “a”). The second example refers to the practical application of “Lean Six

Sigma” with a special focus on data processing (cf. [5]), and fulfills pre-condition “b”.
The final example in Table 1 (pre-condition “c”) shows an excerpt of a publication that
mentions selected method elements as pointed out in Figure 1. This resulted in a set of
78 papers that were used for the subsequent analysis. A backward search as proposed
by Webster and Watson [58] was performed, which led to nine additional references
and hence to 87 references in total. Some 46 of these publications came from conference
proceedings, 30 from journals and the remaining ones from volumes or research
platforms (e.g., preprints). The conferences were mostly specialist conferences for
quality management, while the majority of articles came from quality-related journals
(for more details see: https://tinyurl.com/xs24n6kj).
After this evaluation of the literature, the publications were critically scrutinized to
answer the research questions. At this point, a qualitative content analysis (cf. [62]) was
applied, which helped to condense the information from literature with respect to the
research questions (e.g., [62-63]). Thereby, deductive and inductive category
development were used to structure the literature (cf. [62]).
Table 1. Examples from literature (regarding the pre-conditions (PCs))
PC

Author

Text statement

Fulfillment

(a)

[20,
p. 726]

“Quality management has come a long way
(…) and along the same vein as we talk about
Industry 4.0, there is now Quality 4.0 (…)”
“The aim of this paper consists of proving the
efficiency of the so-called “Lean Six Sigma
4.0” (…)”
“Then, the Lean tool, such as Value Stream
Mapping (VSM) [QT], will be used to analyze
(…). Analyze: [A] When the data are
complete, first of all, statistical tests will be
performed to identify the factors which have an
influence [R] on Y1 and Y2 (…)”

 Explicit mention of “quality

(b)

(c)

[5,
p. 141]
[72,
pp. 469
et seq.]

4.0”

 Lean Six Sigma


(application); inductively
derived category
Identified method elements:
(1) Activity (procedure
model) [A]
(2) Quality technique [QT]
(3) Result (document) [R]
Deductive approach

4

Results

4.1

Quality Management Methods in “Quality 4.0” Literature

Figure 2 provides an overview of the quality management methods found along with
their absolute number of mentions in different publications. For instance, 19 different
publications focused on “(Lean) Six Sigma” and 44 on “Lean Management” or “Lean
Production”. From the perspective of method engineers, publications that follow the
DS paradigm (e.g., [54], [65-66]) to create artifacts for quality management (e.g.,
methods, frameworks, etc.), which can be purposefully applied in practice, are of
particular interest. Figure 3 classifies the publications according to the underlying
research approach. Due to the low number of publications found for EFQM (European
Foundation for Quality Management), TQM or proprietary standards, the
corresponding papers were condensed into one graph. In this context, a paper was
classified as a DS paper if it described the construction of an artifact (cf. [67]), even if

the authors did not explicitly mention having used this approach. In addition to
theoretical (conceptual) papers that structure existing knowledge to come up with new
ideas [68], surveys, case studies and literature reviews [60] were delineated from one
another.
Overview of the number of different references mentioning methods for quality 4.0
Proprietary method
EFQM
TQM
Lean Management/Lean Production
(Lean) Six Sigma

1
1

3

44

19

Figure 2. Overview of quality management methods emphasized in literature

In this respect, the found literature reviews mainly focus on general synergies between
certain methods (e.g., Lean Management) and industry 4.0 technologies (e.g., [69-70])
or the universal identification of quality-related topics in this field (e.g., [71]).
Moreover, DS efforts can be observed for research on (Lean) Six Sigma above average.
(Lean) Six Sigma (N=19)
survey
11%

design
science
47%

theoretical/
conceptual
26%
case
study
literature11%
review
5%

Lean Management/Production (N=44)
design
science
25%

theoretical/
conceptual
25%
case
study
9%

survey
14%

TQM/EFQM/ Proprietary (N=5)

design science
20%

survey
20%

literature review
27%

theoretical/
conceptual
60%

Figure 3. Research approaches used in the publications analyzed

In general, the following artifact types specify the outcomes of a DS project [55]:
algorithm, construct, framework, instantiation, method and model. Considering this,
the artifacts listed in Table 2 are found in the papers classified as DS studies above.
Table 2. Artifact types found in those papers following the DS approach
Method (N=9)
Lean Six Sigma: [72], [64],
[73], [74], [75], [76], [77], [78]
Proprietary method: [79]

Model (N=2)
Lean Six Sigma: [80]
Lean Management/
Production: [81]

Framework (N=9)
Lean Six Sigma: [75]
Lean Management/ Production:
[28], [82], [83], [84], [85], [86],
[87], [88]

Nine publications focus on the development of a method by referring to selected
method elements shown in Section 2.1. For instance, Antosz and Stadnicka [72]
designed a Six Sigma approach to support decision making for maintenance service
processes, which builds on the Six Sigma cycle (DMAIC). Furthermore, selected
quality techniques like the Value Stream Map (VSM), the SIPOC Diagram (Supplier,
Input, Process, Output, Customer) or the Ishikawa Diagram (e.g., [34]) and even roles

(e.g., green belt, etc.) are proposed (cf. [72]). In the literature analyzed, the collection
and analysis of data in real-time (e.g., [74]) with the help of statistical techniques (e.g.,
[64], [72], [78]) is seen as the essential ingredient of quality management approaches
for industry 4.0. Thereby, the role of digital technologies, e.g., IoT (cf. [77]), as
potential data sources – and hence components of an enterprise-specific measurement
system (cf. [34]) – is frequently highlighted. In this respect, specifics of quality 4.0
projects like typical defects of production machines are also mentioned (e.g., [75]).
4.2

Quality Techniques in “Quality 4.0” Literature

In quality management literature, a large variety of quality techniques and schemes for
their classification exist (e.g., [34], [44-45], [89-90]). A well-known classification
approach is the Six Sigma “7x7-toolbox”, which considers the categories “management
techniques,” “quality control techniques,” “customer techniques,” “lean techniques,”
“project techniques,” “statistical techniques,” and “design techniques” (cf. [91]). In the
field of quality 4.0, Shahin et al. [92] cluster quality techniques according to common
production challenges (e.g., machine failures). Mayr et al. [93] assign quality
techniques to digital technologies based on mutual synergies.
For this paper, inductive category development (cf. [62]) and the criteria “type of
tool” (e.g., statistical, analytical, clerical), “tool function” (e.g., decides, generates,
groups, etc.) and “physical outcome” (e.g., chart, diagram, matrix, etc.) [45] were used
for classification purposes. Hence, the quality techniques found in literature were
classified as (1) data analysis techniques (17 techniques), (2) process-oriented cause
analysis techniques (8 techniques), (3) project management techniques (3 techniques),
(4) process and system visualization techniques (9 techniques), (5) improvement
techniques (24 techniques), (6) strategy techniques (9 techniques), (7) design
techniques (5 techniques), (8) continuous control techniques (4 techniques) and (9)
prioritization techniques (5 techniques).
In total, 84 quality techniques were identified in the analyzed literature after
duplicates were deleted and synonyms or homonyms resolved. Figure 4 provides an
overview of the 20 quality techniques that were identified most often in different
publications in the context of quality 4.0. For instance, the VSM was mentioned in 23,
the Fishbone Diagram in ten publications and so on.
The category “improvement techniques” comprises techniques that are typically
applied to manufacturing processes (e.g., Kanban/Pull Principle, Poka Yoke) (cf. [34],
[94]), while the other categories also comprise techniques, which can be traditionally
found in service settings as well (e.g., SIPOC Diagram) (cf. [39], [63]).
A complete view of each category is provided as supplementary material at:
https://tinyurl.com/xs24n6kj. In summary, data analysis and improvement techniques
were found most often in the literature analyzed. Together, both groups comprise 41
out of the 84 quality techniques (~49%) that were identified across publications.
Some authors explicitly focus on singular quality techniques and describe their adaption
for industry 4.0 settings (e.g., [23], [95]). For instance, Molenda et al. [23] introduce a
further development of the Value Stream Map (VSM 4.0) to visualize information
flows and to analyze the handling, storage or use of information in more depth.

Similarly, Ramadan and Salah [95] describe how techniques like 5S, Standardization
or Poka Yoke can be purposefully applied in industry 4.0 production settings. Other
authors provide lists of techniques that have either been derived from surveys about
industry 4.0 (e.g., [96]), proposed as solutions to overcome challenges in production
settings (e.g., [92]) or linked to digital technologies or “lean” principles (e.g., [97-98]).
With respect to Section 2.1, quality techniques play an essential role in efforts that deal
with the development of quality management methods for quality 4.0 (e.g., [64], [72],
[75]).
TOP 20 Quality Techniques
(mentioned most often across publications)
Value Stream Mapping
Kanban/Pull System
TPM (Total Productive Maintenance)
Poka Yoke
(Digital) 5S/6S Technique
Process Capability Analysis
Standardization
SMED (Single Minute Exchange of Die)
Fishbone Diagram (Ishikawa)
Heijunka
7 Wastes Technique
Design Of Experiments
Andon
Jidoka
SIPOC Diagram
FMEA
Pareto Analysis
Control Charts
Simulation-based Optimization (SBO)
Measurement System Analysis

Improvement Techniques
(mentioned in 21 different publications)
23

16
14
13
13
12
10
10
10
8
6
6
5
5
5
5
5
5
3
3

Kanban/Pull System
TPM (Total Productive Maintenance)
Poka Yoke
Standardization
SMED (Single Minute Exchange of Die)
Heijunka
Gemba Walk
Setup Reduction
Flow Principle
Autonomation
TRIZ
One Point Lesson
Rapid Process Improvement (RPIW)
Zoning
Daily Huddle Meeting
Shortterm Layout Adaption
Shortterm Feedback Loops
8-D-Report
Workplace Orderliness
WIP Reduction
Brainstorming
NGT (Nominal Group Technique)
Takt Time Optimization
Suggestion Scheme

1
1
1
1
1
1
1
1
1
1
1
1
1

2

3
3
3
3

8

10
10

14
13

Figure 4. Overview of quality techniques mentioned most often across publications

4.3

Constituting Method Elements

In total, 54 publications mentioned method elements as discussed in Section 2.1.
However, metamodels – as design specifications for results (e.g., by the help of classes
and relations, etc.) (e.g., [27], [99]) – were not mentioned in the analyzed literature at
all. This is because method engineering and the idea of decomposing methods into
singular parts initially stem from the IS discipline – for which conceptual modelling is
of utmost importance – and not the field of quality management.
Table 3 provides an overview of the frequencies of occurrence of singular method
elements. It is evident that the method element “quality technique” is focused on most
often in the field of quality 4.0. Accordingly, quality techniques came up in 50 different
publications. Furthermore, procedure models were described in 18 different
publications. In this respect, the Six Sigma cycle (DMAIC) was explicitly highlighted
as a suitable procedure model for quality efforts in nine publications (e.g., [5], [72],
[100]). Moreover, the application of the Lean Management procedure (identify value,
identify value stream, flow, pull, perfection) (e.g., [101]) or proprietary approaches
were observed as well (e.g., [102-103]). However, only seven publications explicitly

16

mentioned result documents generated by the help of quality techniques. Finally, the
method element “role” was underrepresented in the literature. An illustrative example
for the construction of a method is provided at: https://tinyurl.com/xs24n6kj
Table 3. Overview of number of method elements mentioned across different publications
Procedure
model/activities
Frequency of mentions

5

Quality
techniques

18

50

Result (documents)

Roles

7

1

Implications & Research Agenda

This section summarizes the main findings and introduces a research agenda.
5.1

Main findings

First, there is no consensus about a standardized or dominant quality management
method for the era of quality 4.0. Much more, different methods like (Lean) Six Sigma,
Lean Management or TQM are discussed, with a focus on the first two for the most
part. Second, there is the tendency to build on previously established and proven
procedure models like those from Six Sigma or Lean Management. Consequently, the
structured nature of the DMAIC cycle is often emphasized as a key advantage of the
Six Sigma method in literature (e.g. [104]), and the option of data analyses in the course
of the Analyze-phase makes this procedure particularly relevant for industry 4.0
scenarios [100]. Third, as yet, there is no agreement on specific roles and
responsibilities for quality 4.0 management. In the literature analyzed, only already
established role concepts (e.g., belt concept of Six Sigma) are referenced (e.g., [78]), if
these are mentioned at all. Fourth, literature about quality 4.0 brings up a large list of
quality techniques that may be purposefully applied. Many of them are already wellestablished in practice. A detailed overview along with a classification scheme was
presented in Section 4.2. Fifth, the use of software tools to support the enterpriseadapted creation of methods (e.g., [40]) for quality management as well as their
application in projects is missing so far. Sixth, current works following a DS approach
in quality 4.0 literature mainly emphasize the artifact (e.g., method, framework) as the
key result, while implications for quality management theories (cf. [105]) are rarely
outlined.
5.2

Implications and Research Agenda

Against this background, the following research questions can be derived for upcoming
research about “quality 4.0” determining a potential research agenda.
1) To what degree can established quality management methods be transferred to
industry 4.0 settings or adapted to work for such scenarios? Since “quality 4.0” is a
rather new topic, the discussion of whether established quality management methods
can be purposefully adapted for “industry 4.0” or not is in full progress [3]. In that
context, the traditional conception of “quality” in manufacturing industries is critically

scrutinized (e.g., [24], [106-107]). From this perspective, the need to combine different
quality dimensions to offer an integrated view on the quality of physical products,
physically delivered services and digital services alike was emphasized recently (cf.
[106]). This integrated view is highly relevant for properly assessing the quality of
smart production services (cf. [108]) among others [109]. However, many of the
existing quality management methods were not created with this integrated quality
perception in mind [109]. Therefore, it needs to be analyzed in more depth by what
means shifting quality perceptions in industry 4.0 scenarios can be effectively
addressed by revised quality management methods. As an example, an adapted Six
Sigma method for smart production services was introduced recently (cf. [109]).
2) What roles and corresponding skill profiles are required for quality 4.0 projects?
Current literature indicates that the required skills for quality management – comprising
quality planning, control, assurance and improvement activities (e.g., [110]) – are
shifting in quality 4.0 because quality assurance and control tasks can largely be
automatized [28]. As a result, employees’ skills regarding the application of quality
techniques will change. Data analysis techniques (see Section 4.2) and skills to
correctly interpret the results (received by applying the techniques to trigger quality
initiatives) will most probably become more important than detailed knowledge about
the singular processing steps of these techniques and their proper application in faceto-face workshops. In turn, application knowledge for techniques related to quality
planning and improvement (cf. [110]) (e.g., improvement, cause analysis or
system/process visualization techniques, etc.) will become increasingly important.
Considering this, research should work on the derivation of role concepts for quality
4.0 projects and the definition of corresponding skill profiles. Based on that,
recommendations regarding valuable employee training programs can be given.
3) How can quality techniques be purposefully selected for quality 4.0 projects?
Considering the variety of existing quality techniques, the challenge for method
engineers in times of quality 4.0 is to select those that best match the project situation
(cf. [111]) and employee requirements. In the recent past, selection approaches that are
based on attributes, criteria (e.g., [39], [45]) or “roadmaps” (e.g., [38], [112]) have been
introduced. In this context, a roadmap is interpreted as a structured arrangement of
selected quality techniques [38]. However, the question arises whether the established
principles for selecting quality techniques (cf. [39]) are still valid for quality 4.0 settings
or need to be revised and further developed.
4) How can approaches from method engineering in the IS field be transferred to
quality management to enable the tool-supported construction of methods for quality
4.0? While the use of structured procedures and tools for method construction has been
a subject of investigation in method engineering for a long time (e.g., [113-114]), the
transfer of these ideas to quality management needs to be addressed in future research
more in-depth. Considering this, the paper can be regarded as an appeal to create a
theoretical foundation for method construction for quality 4.0 and provide guidelines
for establishing methods on the basis of pre-defined method elements. Although first
steps have been taken (cf. [115]), more research into the tool-supported creation of
quality 4.0 methods and – considering the challenges of codification, processing,
communication and the further analysis of results – the documentation of project

outcomes is strongly advised. Although the transfer of theories and concepts from
method engineering in IS research to quality management seems to be promising, this
field has not as yet been properly investigated.
5) What implications for theories about quality 4.0 can be derived from DSR efforts
in this field? From the 87 papers analyzed in this study, 19 dealt with the creation of
artifacts in the sense of DSR. In line with Hevner’s “rigor cycle” [116], the contribution
of such DSR artifacts to the scientific knowledge base needs to be given much more
emphasis in upcoming research. That way, DSR studies may contribute to the
development of theories for quality 4.0. Hence, in future quality 4.0 research, not only
the artifact as a research outcome should be focused on in DSR projects but also its
contribution to theories for quality management. Besides these propositions, further
avenues for research about quality 4.0 have been introduced by Foidl and Felderer [7]
for instance, who refer to the ISO standard (cf. [110]).
5.3

Limitations

This research also has limitations. The completeness of the literature review cannot be
guaranteed, and a subjective imprint of the results is not fully excluded. Furthermore,
the results only represent a current snapshot as the quality 4.0 discipline is quickly
evolving, and we are still at the beginning of the academic discussion. Furthermore,
different propositions for method elements can be found in literature (e.g., [31], [117]).
Accordingly, practitioners may have different views on the necessity or meaningfulness
of certain elements. Consequently, method construction for certain domains, e.g.,
modelling methods, may require additional elements, e.g., mechanisms & algorithms
[27], which were not considered in Section 2.1. However, the method elements from
Section 2.1 were used because they are domain-independent and can be easily adapted.
Additionally, they have become a commonly referenced standard in business
engineering and have proved helpful in the practice of manifold method construction
projects (cf. [30], [42-43], [118-119]).

6

Outlook

This study deals with the emerging topic of quality 4.0, for which a thorough theoretical
foundation is still missing. Furthermore, there are no commonly accepted standards or
methods for this field yet. In this study, an overview of current research of quality 4.0
from the perspective of method engineers in DS is provided. Thereby, quality
management methods, quality techniques and method elements that are frequently
mentioned in the current literature are outlined. Considering this, the study shows the
current gaps that exist in terms of method construction for quality 4.0 and unveils future
research fields. Future steps should involve complementing the results with the
opinions of practitioners (e.g., consultants), who are engaged in the development of
enterprise-adapted quality management approaches. As such, the transfer of ideas from
method engineering to quality management will be pursued. This should also include
the design of a tool that supports the construction of methods for quality 4.0.
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